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ND Software Overview
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• Working on developing fully-integrated end-to-end production-
ready simulation and reconstruction software for the ND 
detector suite and computing infrastructure to run at scale. 

CAFS



In Practice
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• Each box below is a set of software (and associated framework) that 
must be managed, a cluster where that software runs, and production 
tools for managing jobs (NDProduction, POMS).

Stage 2 Stage 3 Stage 4

Files, with metadata with storage, cataloging, and file handling (Metacat, SAMS, RUCIO) 

Pick int. vol 
(fid vol, 

rock etc): 
Lar Active

Production Request 2 – Beam, Lar Anti-fiducial, Standard Reco

Production Request 3 – Beam, SAND Active, ….

….



In Practice 2
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• The files from each chain on the 
previous slide can potentially 
feed into overlay jobs, cross 
detector job, and ultimately CAF. 

• Expect DATA to be available to 
feed Stage 4 at some point to. 

• Each chain may require multiple 
passes for systematic studies. 

• There is a lot to manage and we 
must make system choices to 
reduce complexity and increase 
likelihood that we can get files

• Some successes: 
• Common ND Geometry 

(DUNENDGGD)
• Functioning Computing 

Consortium (CDR DUNE DOC 
24823)

• ND RECO/SIM Group
• Joint ND Data model: DUNE-doc-

24735
• 2022 – GENIE 2 Production through 

EDEPSIM. 



ND Reco/Sim 2023 Goals

6

• The primary goal is to organize and begin the 
production of ND files for the upcoming TDR

• ND samples to be produced for LBL/TDR next 
analyses: 
- 1e20 POT for FHC/RHC (LAr and TMS interactions + 

Antifiducial Interactions)
• ND-LAr + TMS numu CC inclusive 

• ND-LAr + TMS nu-on-e (stretch goal) 

- ND-GAr (interactions in GAr) 
- SAND hydrogen (mainly STT no need of GRAIN for 

this)
- Rock Sample

• These all need to include realistic systematics for 
significant uncertainty drivers. 

• Integrate in with the LBL sensitivities framework.
• We anticipate mini-production to begin in February.  



Staged Production Process/Status

Freezes -> Mini-Production -> Validation -> Full Production
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Stage Steps

Geometry
+ GENIE

GEANT Detector 
Response

Detector 
Reconst.

CAF
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

• Stage 1 and 2 GENIE 2 Full Production Completed in ‘22
• This year it is critical to make it all the way to stage 5 

starting with GENIE 3. 
• Another critical step will be revisiting our data structure to 

include handling of systematics. 



Does the software exist?
Now.
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Stage 1
Geo + 
GENIE

Stage 2
GEANT

Stage 3
Detector 
Response

Stage 4
Detector 
Reco

Stage 5
Analysis 
files

ND-LAr done1 done2 LArND-Sim ML-Reco CAFs

ND-LAr + TMS done done partial ML-Reco + 
Hough/A*

CAFs

TMS Only done done cheated Hough/A* CAFs

ND-GAr done done full GArSoft CAFs + 
GArAna

SAND+STT+GRAIN done done done Done CAFs

Written and working

Written and partially working

Work in progress

Not started

1 - Moving to GENIE 3 (Lar and TMS test sample produced.) 
2 – EdepSim, LArSoft solution still under development. 



Is it integrated with the 
production tools?
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Stage 1
Geo + 
GENIE

Stage 2
GEANT

Stage 3
Detector 
Response

Stage 4
Detector 
Reco

Stage 5
Analysis 
files

ND-LAr done done full ML-Reco CAFs

ND-LAr + TMS done done partial ML-Reco + 
Hough/A*

CAFs

TMS Only done done cheated Hough/A* CAFs

ND-GAr done done full GArSoft CAFs + 
GArAna

SAND+STT+GRAIN done done Done done CAFs

ROCK DONE DONE

Written and working

Written and partially working

Work in progress

Not started

• Plan is to generate ND-Lar from Stage 1 at offsite locations with 
GPU/NERSC. (M . Kramer)

• TMS Only, ND-Gar, and SAND can run on CPU. (Natsumi)



Which files to we keep 
and where?
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Stage 1
Geo + 
GENIE

Stage 2
GEANT

Stage 3
Detector 
Response

Stage 4
Detector 
Reco

Stage 5
Analysis 
files

ND-LAr Keep for 
Genie 
reweighting
(TAPE)

Keep for CAF 
reruns (TAPE)

CAFs
(TAPE and 
DISK)

ND-LAr + TMS KEEP  
(20TB)

KEEP
?? TB

CAFs

TMS Only KEEP
20 TB

KEEP
?? TB

CAFs

ND-GAr KEEP
20 TB?

KEEP
?? TB

CAFs

SAND+STT+GRAIN KEEP
20TB

KEEP
?? TB

CAFs

ROCK ?



Timeline
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• The major outstanding items before starting production is the 
LAr Sim to ML Reco connection and production tooling.

• We can start producing the mini-production samples with 
GENIE3 through EDEP now and aim to have those in 
February as well.

• Goal is to have finalized software to tag and freeze shortly 
after the 2x2 workshop. Then we can turn the focus to 
scaling the production, which could take a month or 3. 
(Miniproductions, validations, full production etc.)

• We aim to  have a partial mini-production by the the end of 
early March in advance of the next LBL workshop this 
summer. 



ND Prototype Efforts (How 
does this effect 2x2?)
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• The ND prototype efforts offer an excellent opportunity to not only 
test capabilities of our detector technologies, but also to develop 
our computing infrastructure and software tools. 

• The ND Reco/Sim has close connection with DUNE Computing and 
we can help the prototype effort with implementation of data 
cataloging, store, file transfer, file access etc. 

• Computing resources should also be planned together to avoid 
confusion at facilities etc. 

• On the simulation side, we hope that prototyping efforts will provide 
opportunities to test the reconstruction tools which will become part 
of the DUNE reconstruction. To this aim it is important to 
communicate with ND Reco/Sim to ensure weÕre making choices 
that enable easier integration as we move forward. 



Conclusion
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• The is a lot on the plate for ND Reco/Sim this year, we hope 
that the 2x2 effort will be an opportunity to test and develop 
our future DUNE systems. 

• If you are interested in helping with the broader ND integration 
efforts contact myself and Linda, there is a lot to do to get the 
files produced that we all want to analyze. 

• What can ND Reco/Sim do to help 2x2? 
• ND Software Sessions at DUNE collaboration meeting

- ND Reco/Sim session Tuesday at 12 pm

- ND/LBL ÐWednesday at 5 pm

- ND joint with Computing next Thursday at 10 am. 
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ND Physics Sim/ Reco group

#nd-reco-simDr. Linda Cremonesi

l.cremonesi@qmul.ac.uk

Dr. Mathew Muether

Mathew.Muether@wichita.edu
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